2004
). Culturally tailored interventions delivered by community health workers (CHWs) are effective in improving diabetes-related risk factors in medically underserved, ethnic minority populations (Jackson, 2009; Katula et al., 2013; Ruggiero, Castillo, Quinn, & Hochwert, 2012; Valen, Narayan, & Wedeking, 2012) . Few such studies have focused specifically on pregnant Latino women (Kieffer et al., 2014) .
Healthy Mothers on the Move (Healthy MOMs) was a community-academic partnered randomized controlled trial (RCT) that examined whether a CHW-led intervention could reduce risk factors for GDM and type 2 diabetes among pregnant and postpartum Latina participants compared to a minimal intervention (MI) control group. The Healthy MOMs study results showed improved dietary behaviors at follow-up among pregnant women in the CHW intervention arm compared to the MI arm (Kieffer et al., 2014) . However, studying RCT intervention effects alone does not explain the mechanisms by which the intervention was successful or help identify which participants may have benefitted most (Kraemer, Wilson, Fairburn, & Agras, 2002) . Analyses that elucidate moderators and mediators of RCTs provide an important next step to guide clinical interpretation of trials and inform the design and targeting of future interventions (Kraemer et al., 2002) .
Moderators of an intervention are "prerandomized" baseline characteristics, uncorrelated with the treatment, and may show an interactive effect with the outcome (Kraemer et al., 2002) . For example, Rosland et al. (2008) have previously shown that baseline family support improves diabetes selfmanagement. Similarly, baseline family support for a healthy diet could have moderated the effects of this CHW-led intervention. Identifying characteristics of participants that lead to improved outcomes may help inform the design and targeting of future interventions. Mediators identify mechanisms through which an intervention may have achieved an effect (Kraemer et al., 2002) . For example, specific features of the Healthy MOMs intervention such as changes in dietary beliefs were possible mediators of positive intervention effects.
The aim of this study is to examine potential moderators and mediators of the intervention's effects on dietary behaviors, building on the original conceptual model that informed the design of Healthy MOMs. Potential moderators of intervention effects included in the conceptual model were a priori hypothesized, based on previous work in this community, previous literature, and clinical relevance, to include baseline measures of participants' age, primary language, social support, body mass index, perceived control, reported healthy food access, parity, years in the United States, depressive symptoms, and receiving Special Supplemental Nutrition Program for Women, Infant, and Children or Supplemental Nutritional Assistance Program benefits. In addition, the conceptual model for this study (see Figure 1 ) hypothesizes that improvements in dietary outcomes achieved through the CHW intervention were mediated by improvements in three key theory of planned behavior (TPB) variables: (1) participants' intention to eat healthy, (2) perceived control to make healthy dietary choices, and (3) food beliefs related to healthy pregnancy (Ajzen, 1991; Godin & Kok, 1996; Montaño, Danuta, & Taplin, 1997) .
Method
The Healthy MOMs study was approved by the institutional review board of the University of Michigan, and all participants signed written informed consent. Setting, recruitment, intervention, data collection, outcome measurement, and analytic methods are described in detail elsewhere (Kieffer, Caldwell, et al., 2013; Kieffer et al., 2014) .
Interventions
Two models of interpersonal and health behavior, the TPB and social support theory, guided development of the Healthy MOMs healthy lifestyle intervention. The TPB postulates that an individual's intention and ability to perform a behavior help determine performance of a behavior (Ajzen, 1991; Godin & Kok, 1996; Montaño et al., 1997) . Intention, in turn, is determined by individuals' attitudes toward the behavior, subjective norms, and perceived behavioral control. In accordance with the TPB model, the context and perspectives about diet, physical activity, and weight-related beliefs, barriers, and strategies of Latinas in Southwest Detroit were elicited during formative research conducted in the same community. These were used to create the Healthy MOMs survey and to inform the intervention design, materials, and methods (Kieffer, Salabarría-Peña, et al., 2013) . The Healthy MOMs intervention focused primarily on influencing behavioral beliefs by providing information and support aimed at affirming and reinforcing healthful dietary beliefs and practices and providing healthier alternatives for less healthy dietary behaviors. It encouraged developing knowledge and skills to increase women's intention and ability to eat healthfully within the cultural, social, and physical environment of their Detroit community.
The Healthy MOMs formative research also emphasized the importance of social support for pregnant Latinas' dietary behavior (Thornton et al., 2006) . Social support theory assumes that interactions with other individuals will have an impact on individuals' health-related behavior change, including diet and exercise (Bruhn, 1991; Kelsey et al., 1996; Sallis, Grossman, Pinski, Patterson, & Nader, 1987) . Social support has been linked to behavioral control, subjective norms, attitudes, and behavioral beliefs identified in the TPB (Langford, Bowsher, Maloney, & Lillis, 1997) . Thus, the Healthy MOMs CHW intervention was designed to provide social support from the CHWs and other intervention group participants for improving targeted dietary behaviors.
The intervention was conducted in southwest Detroit community organization meeting rooms between 2004 and 2006 in Spanish by trained Latina CHWs. It included Healthy MOMs general pregnancy education and a specific curriculum and activities designed to educate and empower women to address barriers to healthier lifestyles (Kieffer et al., 2014) . The curriculum was conducted during two home visits and nine group meetings during 11 consecutive weeks. Nine concurrent group "activity day" meetings were also available for Healthy MOMs participants. The MI group received the Healthy MOMs pregnancy education curriculum during three group meetings conducted by a health professional from a community health agency as well as March of Dimes and American College of Obstetricians and Gynecologists resources on healthy eating and exercise in Spanish. Participants in both groups received the same incentives for participation. In-depth descriptions of the interventions are reported elsewhere (Kieffer et al., 2014) .
Healthy MOMs Sample Recruitment and Data Collection
Pregnant Latinas were recruited at a federally qualified health center, a Women, Infant, and Children clinic, and local community organizations in southwest Detroit, Michigan. Of recruited women, 278 were randomized to the trial, 139 to each intervention arm (Kieffer et al., 2014) . Three women in the MI arm did not complete baseline or follow-up food frequency questionnaires, and 55 women were missing either baseline or follow-up questionnaires. The current study focused on the 220 women who completed baseline and follow-up surveys and food frequency questionnaires. Due to missing or incomplete responses to some questions, the participants included for the analyses ranged from 212 to 220. Sociodemographic and dietary data were collected at baseline (mean [SD] = 18.6 [4.5] weeks of gestation) and followup (mean [SD] = 29.2 [4.8] weeks of gestation). Food intake was collected using a food frequency questionnaire validated in a Hispanic population (Kristal, Feng, Coates, Oberman, & George, 1997) . At baseline, women were asked about their dietary habits in the past year. At follow-up, they were asked about their dietary habits in the past 3 months.
Outcome Measures
Outcomes included in the analysis were reported dietary intake of added sugar (grams), total fat (grams), fiber (grams), and vegetable (servings), as these outcomes were significantly improved in the CHW intervention arm. 16.1% greater decrease in added sugar consumption, a 12.9% greater decrease in total fat consumption, and 41.9% and 15.9% greater improvements in vegetable and fiber consumption, respectively. The full set of outcomes is reported elsewhere (Kieffer et al., 2014) .
Moderators
Variables hypothesized to change the intervention effect were all measured at baseline for the entire study population (n = 220) and are listed in Table 1 . To assess support from spouse, family, and friends, the following question was asked, "How often has your husband or partner/mother/friend or others encouraged you to eat more fruits and vegetables/eat foods with less fat/eat foods and drink beverages with less sugar/eat more fiber," on a 1 to 5 scale, from never to always. Baseline perceived control was similarly addressed on a strongly disagree to strongly agree scale with the following question, "I can easily eat more fruits and vegetables/eat foods with less fat/ eat foods and drink beverages with less sugar/eat more fiber." Depression was measured by the Center for Epidemiologic Studies-Depression Scale (Kieffer, Caldwell, et al., 2013) .
Mediators
For the current study, changes from baseline to follow-up in self-reported intention to eat healthy, healthy food beliefs, and perceived control to make healthy food choices among all 220 women were examined (see Supplement 1, available online at heb.sagepub.com/supplemental, for survey questions and Table 2 for summary statistics).
These mediators were assessed through survey questions designed specifically for each target behavior and derived from the formative research in accordance with the TPB (Ajzen, 1991; Kieffer, Salabarría-Peña, et al., 2013; Povey, Conner, Sparks, James, & Shepherd, 2000) . Participants were asked to rate their agreement with various statements that assess intention, beliefs, and perceived control to eat each targeted food category (i.e., vegetables, fiber, added sugar, and fat) on a 1 to 5 scale, from strongly agree to strongly disagree. Some of the items were reverse coded so that the higher number corresponded to the more positive outcome. Only participants with baseline and follow-up data were included in the analysis.
Analysis
Two-sided tests and an overall significance level of p = .05 for outcomes were used to assess differences. In the summary of moderators and mediators, continuous variables were compared using t tests. We used Pearson's chi-square statistics to assess the independence of two binary/categorical variables (see Tables 1 and 2) .
To identify possible moderators, we assessed variations in the intervention effects by each of the examined moderating variables (Table 1) , using a linear regression model with effects for intervention group, moderator, and interaction between intervention group and moderator. We included a covariate of each outcome measured at baseline for all regressions. For the model that examined age as a moderator, parity was also included as a potential confounder.
Multivariate fractional polynomial interaction was used to evaluate linear and high degrees of fractional polynomial functional forms for the significant interactions, and the linear interaction model was the best fit for all the significant moderators (Royston & Sauerbrei, 2008 . Variations in intervention effects across levels for each significant moderator are presented graphically using two-way plots, including 95% confidence intervals, calculated using the delta method in STATA, Version 12 (see Figures 2-4) .
We also conducted moderator analyses by dichotomizing moderator variables (age < 30 vs. age ≥ 30; spousal support ≤ 3 vs. spousal support >3; baseline perceived control ≤ 3 vs. baseline perceived control > 3; and assessed intervention effects within each subgroup (e.g., age < 30) and compared it between groups (e.g., age < 30 and age ≥ 30). We were adequately powered at 0.8 to detect intervention effects within each subgroup.
We employed the Sobel-Goodman mediation test to assess whether intervention effects were mediated by the potential mediating variables (Table 2) . We examined each mediator separately and then multiple mediators together (Preacher & Hayes, 2004 , 2008 .
Results

Characteristics of Sample
Participants had a mean age of 27 years, median of 1 previous pregnancy, and mean body mass index of 24.5 at baseline. Most women were Mexican/Chicana (91%) and Spanish speaking only (80%). All measured baseline characteristics were not different for women included in the current analyses compared to those who were excluded due to incomplete data (Kieffer et al., 2014) . Table 1 lists descriptive statistics for moderators. For most moderators, there was no difference between the MI group and the Healthy MOMs group, except the number of women who were Spanish speaking only and self-reported baseline perceived control to eat less fat. Table 2 lists descriptive statistics for the hypothesized mediators from our conceptual model. Higher scores indicate positive outcomes. Most of the hypothesized mediators had high baseline scores of >4 on the scale of 1 to 5.
Moderator Effects
Moderator analysis showed that the intervention effect for added sugar consumption was statistically significant for the younger participants but not for the older participants (see Figure 2 ). Added sugar consumption was reduced by 31% for younger women (ages 18-29; p < .01; 95% CI [−51%, −12%]). In addition, baseline spousal support to eat fruits and vegetables moderated the intervention effect for consumption of vegetables (interaction term: .31, p < .05; 95% CI [.003, .61]) (See Figure 3 ). An increase of 47% in vegetable consumption was seen for women who reported greater baseline support from their spouse to eat more vegetables (p < .05; 95% CI [25%, 68%]). Last, self-reported perceived control to eat less fat moderated the intervention effect for total fat consumption (interaction term: −.07, p < .05; 95% CI [−.14, −.0001]) (See Figure 4 ). Significant decreases in total fat consumption were seen for those women who reported higher levels (i.e., 3 or greater) of perceived control to eat less fat compared to the MI group (−25%, p < .01; 95% CI [−41%, −10%]).
Mediator Effects
None of the hypothesized mediators (self-reported dietary outcome-specific intention to eat healthy, healthy food beliefs, and perceived control to make healthy food choices) were significantly associated with any of the improved dietary outcomes from baseline to follow-up.
Discussion
The Healthy MOMs intervention was an innovative CHW-led intervention that improved several key dietary behaviors Note. MOMs = Mothers on the Move; BMI = body mass index. All self-reported scales have a range of 1-5 with more positive outcomes reflected by higher numbers (e.g., for healthy food access, baseline perceived control, and spousal support to eat vegetables/fiber/less added sugar/less total fat, positive outcomes are reflected by scores closer to 5 Note. MOMs = Mothers on the Move. All self-reported scales have a range of 1-5 with more positive outcomes reflected by higher numbers (e.g., healthier food beliefs and more perceived control to make healthy choices about vegetables/fiber/added sugar/total fat are reflected by outcomes closer to 5). p values indicate difference between treatment groups. p values are from t tests.
among low-income pregnant Latinas (Kieffer et al., 2014) . By testing mediators and moderators of intervention effectiveness, this study sought to address gaps in the literature by elucidating who might benefit most from similar programs as Healthy MOMs and through what mechanisms the intervention was effective. Note. Lower reported support values indicate less baseline support from spouse. Grey bands indicate 95% confidence intervals. Interaction term: .11; p = .14 (for dichotomized outcome of low vs. high support, interaction term: .31, p < .05), n = 208.
Among the hypothesized moderators, age, spousal support, and baseline perceived control moderated some intervention effects. Younger women reported greater postintervention improvement in added sugar consumption compared with older women. Women with high levels of baseline self-reported spousal support significantly increased their vegetable consumption, and the intervention had a larger effect on improving self-reported fat consumption for those women who reported high levels of perceived control to eat less fat at baseline. These moderating effects varied by type of dietary behavior. Thus, increasing women's consumption of healthy foods may require different behavior change strategies than reducing consumption of less healthy dietary components. Lapointe et al. (2010) compared a restrictive message, low-fat diet to a nonrestrictive message, high-vegetable, moderate-fruit consumption diet and found significantly greater increases in vegetable and fruit consumption in the nonrestrictive message group. This study suggests that tailoring interventions to specific dietary goals and behaviors may be more effective (Ello-Martin, Roe, Ledikwe, Beach, & Rolls, 2007; Epstein et al., 2001; Lapointe et al., 2010) .
Pregnant Latinas who reported high levels of baseline spousal support had greater improvement in vegetable consumption. This study's findings are consistent with the importance of husband support on dietary practices found in earlier formative research conducted with pregnant Latinas in the same community (Thornton et al., 2006) . Similarly, in a study in a Latino community in Salinas Valley, California, Harley and Eskenazi (2006) found that among pregnant women who immigrated to the United States in childhood, higher levels of social support from the father of the baby were associated with higher quality diets. A study of older Mexican Americans with diabetes found that higher levels of perceived family support at baseline correlated with higher levels of improved diet and exercise (Wen, Shepherd, & Parchman, 2004) .
This study found that younger women showed significantly greater improvement in reduction of added sugar consumption. Perhaps older mothers did not perceive that they needed to decrease their sugar consumption, despite receiving education and setting goals to reduce added sugar consumption. Gardner et al. (2012) found that pregnant women who perceived their current intake to be excessive were significantly more likely to intend to eat less high-sugar foods than those who believed their intake to be adequate. Further research in similar populations is needed to better understand how age might influence effectiveness of interventions aimed at dietary change in this population.
As expected, participants' perceived control to eat and drink low-fat items at baseline moderated their ability to decrease fat intake, thereby supporting the TBP and socialcognitive theory that hypothesize that the level of perceived control to make a change is an essential prerequisite for behavior change (Ajzen, 1991; Bandura, 2004; Povey et al., 2000) . Guillaumie, Godin, and Vezina-Im (2010) , in a systematic review of 23 interventions, found that both the TPB and social cognitive theory are most predictive of fruit and vegetable intake. To our knowledge, this has not been previously shown specifically for reducing fat intake. The findings from this study may suggest that, in practice, it may be important for lifestyle interventions that aim to reduce consumption of fat to assess baseline perceived control or selfefficacy for that behavior.
A number of expected moderators were not significant, including parity, depressive symptoms, access to healthy food, and years in the United States. Although a study of dietary behaviors among low-income postpartum women in Texas found that depression was associated with poorer dietary index scores, we did not find that depressive symptoms significantly moderated participants' ability to make dietary changes (George, Milani, Hanss-Nuss, & Freeland-Graves, 2005) . A recent study of pregnant Canadian women found that having had more than one previous pregnancy was associated with higher diet quality, and proximity to fast food, convenience stores, and grocery stores were not associated with diet quality after controlling for other participant characteristics such as age, marital status, and physical activity (Nash, Gilliland, Evers, Wilk, & Campbell, 2013) . We were possibly underpowered to detect similar differences based on parity. have shown that years of residence in the United States did not affect baseline dietary behaviors in this study population, and we did not find that this moderated change in dietary behavior.
No significant mediators of these dietary outcomes were identified in this study. Thus, our analysis does not support the hypothesis that the Healthy MOMs intervention changed the studied dietary behaviors by changing beliefs, perceived control, or behavioral intention.
This study has several limitations. First, we were likely underpowered to detect differences between groups in many of the variables that we examined, particularly for the mediator analysis. Some mediators may be more important for particular subgroups of pregnant women, and larger numbers are needed to detect such differences. Future research on mediating mechanisms of lifestyle interventions within larger groups of pregnant Latinas could provide valuable information for tailoring interventions. Second, low variation and high baseline scores in several of the variables may have contributed to the limited ability to detect moderator and mediator effects, as there was little area for improvement in many variables. This may have contributed to our inability to demonstrate several of the hypothesized mediators. Third, dietary intake measures were based on participants' selfreported responses. This type of dietary intake data collection, however, has been found to be useful for measuring periods over several months (Wei et al., 1999; Willet & Lenart, 1998) . Fourth, measures of the hypothesized mediators, such as intention to eat healthy, were self-reported and subject to desirability bias, which may have led to overreporting of "favorable" eating behaviors (Mossavar-Rahmani et al., 2013) . Last, there are also likely other potential moderators and mediators of intervention effectiveness that may be important and were not measured in this study. For example, health literacy has been shown to moderate intervention effectiveness in diabetes self-management interventions and may have also moderated effectiveness in this study (Piette, Resnicow, Choi, & Heisler, 2013) . This construct was not measured in this study. There are also potentially other psychological, cognitive, family, and environmental factors that determine whether and how people may make dietary changes in response to an intervention that were not captured, or the measures may not be sufficiently sensitive. Further research is needed to understand unmeasured aspects of the intervention that contributed to its effectiveness.
This study has several strengths as well. This study seeks to understand how best to tailor interventions for an important and growing minority population in the United States (Kieffer, Caldwell, et al., 2013; Kieffer et al., 2014; . It helps elucidate baseline characteristics of those who might benefit, or not, in interventions seeking to improve dietary behaviors. Moreover, by better understanding mediators and moderators of a CHW intervention, we help address current gaps in the literature on RCTs, particularly those targeting pregnant Latinas (Kraemer et al., 2002) . The results of this study show that some factors, including age, spousal support, and baseline perceived control to make dietary changes, may moderate intervention effectiveness for certain diet changes. In practice, these may be important characteristics to consider when designing and implementing lifestyle interventions for pregnant Latinas. Future interventions may benefit from using communitybased participatory research principles to develop tailored strategies that target specific dietary behaviors, and more specifically work to strengthen perceived behavioral control and spousal support, among pregnant Latino women.
